Arachidonic acid, but not sodium nitroprusside, stimulates presynaptic protein kinase C and phosphorylation of GAP-43 in rat hippocampal slices and synaptosomes.
Activation of protein kinase C (PKC) and phosphorylation of its presynaptic substrate, the 43-kDa growth-associated protein GAP-43, may contribute to the maintenance of hippocampal long-term potentiation (LTP) by enhancing the probability of neurotransmitter release and/or modifying synaptic morphology. Induction of LTP in rat hippocampal slices by high-frequency stimulation of Schaffer collateral-CA1 synapses significantly increased the PKC-dependent phosphorylation of GAP-43, as assessed by quantitative immunoblotting with a monoclonal antibody that recognizes an epitope that is specifically phosphorylated by PKC. The stimulatory effect of high-frequency stimulation on levels of immunoreactive phosphorylated GAP-43 was not observed when 4-amino-5-phosphonovalerate (50 microM), an N-methyl-D-aspartate (NMDA) receptor antagonist, was bath-applied during the high-frequency stimulus. This observation supports the hypothesis that a retrograde messenger is produced postsynaptically following NMDA receptor activation and diffuses to the presynaptic terminal to activate PKC. Two retrograde messenger candidates--arachidonic acid and nitric oxide (sodium nitroprusside was used to generate nitric oxide)--were examined for their effects in hippocampal slices on PKC redistribution from cytosol to membrane as an indirect measure of enzyme activation and PKC-specific GAP-43 phosphorylation. Bath application of arachidonic acid, but not sodium nitroprusside, at concentrations that produce synaptic potentiation (100 microM and 1 mM, respectively) significantly increased translocation of PKC immunoreactivity from cytosol to membrane as well as levels of immunoreactive, phosphorylated GAP-43. The stimulatory effect of arachidonic acid on GAP-43 phosphorylation was also observed in hippocampal synaptosomes. These results indicate that arachidonic acid may contribute to LTP maintenance by activation of presynaptic PKC and phosphorylation of GAP-43 substrate. The data also suggest that nitric oxide does not activate this signal transduction system and, by inference, activates a distinct biochemical pathway.